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ABSTRACT

The application of low cost, available and eco-friendly adsorbents has
been investigated as an ideal alternative to the current expensive methods
of removing dyes from wastewater. The use of activated carbon prepared
from Irvingia Gabonensis for the removal of methylene blue from simu-
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lated effluent water has been studied. The contact time results showed that
equilibriumwas attained a 100 minutes and that the smaller-sized adsorbents
were more efficient in removing colour from effluent water than the large-
sized adsorbents. The equilibrium sorption fitted into the Langmuir and
Freundlich adsorption isotherms. Thus activated carbon from Irvingia
Gabonensis can be an attractive option for the removal of dyes from di-

luted industrial effluents.

INTRODUCTION

Synthetic dyes have been extensively discharged
into theenvironment from different industries, particu-
larly textile, paper, rubber, plagtic, leather, food and drug
industrieswhichusesynthetic dyesin coloringther prod-
ucts. It has been reported that over 100,000 commer-
cialy availabledyesexist and theglobal annual pro-
duction of synthetic dyeshasbeen estimated to bemore
than 700,000 metric tonnes’Y. The discharge of dye
wastewater into environmental water bodies deterio-
ratesthewater quality by causing considerablevaria-
tioninwater quaity parameterslikepH, chemical oxy-
gen demand (COD) and biological oxygen demand
(BOD), and thismay have somesignificant heath im-
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plications on both aquatic and human life, dueto the
toxic, carcinogenic, mutagenic, and or teragenic effects
of someof thesedyes and their metabolites?.
Different physicd, chemica and biologica processes
have been employed for thetreatment of dye contami-
nated waste water’¥. Some electrochemical andion-
pair extraction methods are presently being used for
textilewastetreatment(®, whilechemical precipitation,
biologica and photo-cata yti c oxidetion havebeenfound
to be effectivein colour removal®®. In all these meth-
ods, adsorption on activated carbon hasbeen found to
be superior due to its economical and effective dye
wastewater treatment. Activated carbon iscommonly
defined as a carbonaceous material showingawell-
devel oped surface areaand poroustexture’®. Though
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theremova of dyesthrough activated carbon sorption
isquiteeffective, thelarge scaegpplicationisrestricted
duetoitshigher cost and regeneration problems™ as
well as scarce selectivity!®, thelatter of whichisim-
proved by the variation of production procedure. At
present, thereisagrowing interest in the use of low
cost® commercialy availablematerid sfor the adsorp-
tion of dyesfrom agueous solution. A widevariety of
materialssuch ascoir pith®, sunflower stalks'¥, corn-
cob and bailey husk*¥, rice husk(*?, kohlrabi peel*3
ricinus communis epicarpi*4, activated clayt*™, almond
shell*® and goat hair*”, etc, have beeninvestigated as
low cost sorbentsfor the reactive dye removal from
industrial effluents. Some other workerslike Pollard et
al.’¥ Mall et al.*¥, and Bailey et al.”%, haveequally
reviewed critically variouscost efficient adsorbentsfor
waste and waste water treatment.

Thiswork investigatesthe poss bility of using acti-
vated carbon prepared from Irvingia Gabonensi s seed
shell, alocd agricultura wastematerid for theremova
of methylenebluefrom smulated dye polluted water.

Methylene Blue, M B, isathiazine (cationic) dye,
whichismost commonly used for col oring paper, tem-
porary hair colorant, dyeing cottons, wools and so
on. Although MB isnot considered to beavery toxic
dye it canreved very harmful effectsonlivingthingg?.
After inhalation, symptoms such as difficultiesin
breathing, vomiting, diarrheaand nauseacan occur in
humang?.

MATERIALSAND METHODS

Adsorbate

Commercid quaity methyleneblue(SigmaAldrich
make) was obtai ned and used without any further puri-
fication. Zinc chloride (ZnCl,) fromMerck Scientific
Company wasal so used.

Absorbents

The shell of Irvingia Gabonenses was obtained
from the Green House areaof the University of Nige-
ria, Nsukka and taken to the Department of Botany
herbariumfor identification.

Production of activated carbon
Theshellsof Irvingia Gabonenses obtained were
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prepared according to the methods of Okoyeat a .=,
Theshellswere peeled to removethe endocarp, dried
intheoven at 80°C for 2h. and cleaned to removethe
fibrestill remainingonthesurfaceof theshdl. Theshell
so obtained was washed with distilled water, dried,
pulverized and sieved to obtain threemesh sizes of the
adsorbents; 0.5mm, 1.0mm and 2.0mm.

Activation and car bonization

The activation and carboni zation processeswere
performed according to a method adapted by
Ochonogor and Ejikeme?4, Concentrated sol utions of
zinc chloridewere prepared by dissolving 50g of zinc
chloridecrysta swith distilled water in a1000ml bea-
ker. 50g of 0.5mm sized carbon material wasadded to
thezinc chloride solution and theresulting mixturewas
boiled for about 60 minutesinthe besker usingan elec-
tric heater. The content of the beaker wasemptied into
aporcelaintray and dried at 120°C in an oven. The
dried carbon material wasthen putinacrucibleand
carbonized inamultiplefurnace at 650°C under inert
atmosphere. Theresulting active carbon waswashed
with 10% HCI, rinsed with distilled and then deionized
water, dried and stored inadissicator for use. Thispro-
cedurewasrepeated for the 1.0mmand 2.0mm sized
carbonsrespectively.

Preparation of standar d methylenebluesolution

0.032g of the solid dye (Figure 1) was weighed
using aMetler e ectronicweighing balance and placed
inaonelitrevolumetricflask, shakenvigoroudytobring
about dissolution before the solution wasmade up to
themark with distilled water. A small quantity of the
solution wasfurther diluted and scanned using aspec-
trophotometer to obtai n the wavelength of maximum
absorption of the methylene blueusingaUNICO-20

spectrophotometer at 625nm.
H BC\I}I s \I}l $CH3
CHs CHs

Figurel: Sructureof methylenebluedye
Characterization of adsor bents

Deter mination of ash content
The ash content of the adsorbent was determined
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using the method according to ASTM D 28661%1. A
weighed sample of the adsorbent was pre-dried at
150°C, burnt in a muffle furnace at 650°C for 4 hours
inthe presence of air. The ash content was cal cul ated
from the combustion residue after repested experiment
that led to constant ash content, asfollows:

% Ash content =W /W, x 100 (@)

where, W_istheweight of dry ash (g) and W, isthe
weight of dry adsorbent (g). An average of four repli-
cateswastaken.

Contact timedeter mination

Thisexperiment was carried out using 2g of each
of the three mesh sized adsorbents by weighing and
transferring them into a200cm? solution of meltylene
blue of concentrations 32, 16, 8 and 4mglit™. It was
consecutively stirred with amagnetic stirrer at acon-
stant speed of 200rpm for all the different systems of
activated carbon in the standard dye. Aliquots of the
solutionweredrawnout at 1, 2, 3,4, 5, 10, 15, 20, 30,
40, 50, 60, 70, 80, 90 and 100 minutesinterval from
the start of the experiment and the respective
absorbance’s of all the different samples taken. A con-
tact timedatawasgotten at agpectrophotometric wave-
length of 625nm.

| sother m studies

For asampleof mesh size 2.0mm of activated car-
bon, masses of 0.5¢g, 1.0g, 1.5g, 2.0g an 2.5g were
measured out and each were contacted with 50cm? of
0.031125¢g/dm? solution of md thylenebluefor 180 min-
utes (over thistimeinterva, equilibriumwas achieved)
at room temperature of 27°C. The concentrations of
thevarious sol utionswere measured and thefractions
adsorbed agangt equilibrium concentration obtained for
each of the activated carbon sample. The average of
three absorbance measurementswasrecorded. This
procedure was repeated for 0.5 and 1.0 mesh sizes

respectively.
RESULTSAND DISCUSSION

Ash content

Ash content istheindicator of the qudity of an ac-
tivated carbon. Itistheresiduethat remainswhen car-
bonaceousportionisburned off. Theash congstsmainly
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of minerassuch asslica, duminum, iron, magnesium,
and calcium. Ashin activated carbonisnot desirable
and isconsidered animpurity'?®!, Granul ated activated
carbon from sugarcane bagasse with beet and cane
mol asses as binding agents have been reported to have
57.57 and 42.74% ash giving 9.04 and 7.17% removal
of colour respectively from sugar whileacommercial
carbon gave 15-18% removal in the same study!?”.

Effect of contact time

Figures 2-5 showsthe plots of concentration of
methylene blue adsorbed or retained in the adsorbents
against contact time for three different sizes of
adsorbentsin 32mg\l, 16mg\l, 8mg\l, and 4mg\l dye
solutionsrespectively. The plots show that therewas
asteegpriseof the curveswithin thefirst 20 minutes of
contact time, showing that there was maximum ad-
sorption between 0 and 20 minutes. This has been
attributed to the availability of enough unoccupied
poresinto which the adsorbent penetrate and adhere
to. Theinitial curved portionsmay beattributed to the
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boundary layer diffusion effect, whilethefinal linear
portions may be due to intra particle diffusion ef-
fectg?. Although the compari son between published
results should be made carefully, sincethereare some
experimental variablesto takeinto account, likegas
flow and type of furnace, that haveinfluenceonthe
final product!*®, similar resultshhave been reported®.
The amount of adsorbent adsorbed increased rather
dowly after 50 minutes and finally reaching equilib-
rium around 100 minuteswhen therate of adsorption
was equal to therate of desorption®.

Effect of particlesize

Three adsorbents mesh sizes, 0.5mm, 1.0mmand
2.0mm were used for four different concentrations of
the adsorbate. Theresultsin Figures 2-5 show that the
0.5mm sized adsorbent had the highest rate of adsorp-
tion with max adsorbed dye concentrationsof 19.98mg/
[,13.76mg/l, 5.059mg/l, and 1.29mg/l for 32mg/l, 16mg/
[, 8mg/l and 4mg/| respectively, followed by the 1.0mm
meshed s zed adsorbentswith maximum adsorption at
17.69mg/l, 11.61mg/l, 4.15mg/l and 1.12mg/l for 32mg/
[, 16mg/l, 8mg/l and 4mg/l dye solutionsrespectively.

The 2.0mm mesh sized adsorbentshad thelowest rate
of adsorption having maximum dye adsorptions of
13.5mg/l, 9.79mg/l, 4.15mg/l and 0.9mg/| for the 32mg/
[, 16mg/l, 8mg/l and 4mg/l adsorbate dye solutionsre-
spectively. The above observation hasbeen attributed
tothefact that thereisanincreasein surfaceareaof the
adsorbent with decreasein size. Similar observations
had been reported in our previous workg=0:34,

Effect of initial concentration of methyleneblue

Four different concentrations of the adsorbate so-
|ution wereused toinvestigate theeffect of concentra-
tionontheremova of methyleneblueusing activated
carbon from Irvingia Gabonensisand theresults (Fig-
ures 2 to 5) show that the amount of adsorbate
adsorbed isdependent on theinitial concentration of
the adsorbate solution. Thisisillustrated with adsorp-
tion processusing 0.5mm particles zed carbon asshown
inTABLE 1. The percentage adsorption of thedyewas
cdculated usngequation 2.

% adsor ption =[Co-C/Co] x 100 2
whereCoisthelnitid dyeconcentration and Cthefind
dye concentration (mg/l).

TABLE 1: Effect of initial concentration of methyleneblue
on % adsor bed

Sr. Initial Dye Dye Adsor bed %
No. Conc.(mg/l) (mg/g) Adsor ption
1 32 9.99 62.44
2 16 6.88 86.00
3 8 2.53 63.13
4 4 0.65 32.25

Itisevident from thetablethat theamount of dye
retained by the adsorbentsincreased withincreasein
initial dye concentration®*? up to 16mg/l of dye con-
centration. The concentration provides an important
driving forceto overcome al masstransfer resistance
of the dye between the aqueous and solid phases™!.
Further increaseintheinitia concentration of thedye
solution led to adecrease in the percent of dyere-
moved from the solution. Thisisasaresult of thefact
that at higher concentrations, lower adsorptionyields
were observed because of the saturation of the ad-
sorption sites?Y,

Sorption isotherm studies
The Langmuir and Freundlich isotherm models
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were used to estimate the adsorption intensity of the
sorbent towards the adsorbate sol utionsfor the three
different adsorbent sizesin 50cm? of the 32mg/l ad-
sorbate dye solution. Theplotsin Figures6and 7 shows
that theresultsfitted into thetwo i sotherm model sem-
ployed at average R? values of 0.8817 and 0.9766 for
Langmuir and Fruendlichisothermsrespectively, though
the adsorption process was better described by the
Fruendlichisotherm. Ozer and Dursun®? had reported
that adsorption datafrom their study involving there-
mova of methylene bluefrom aqueoussolution by de-
hydrated wheat bran carbon werewell described by
the Langmuir model, dthough they could be modelled
by the Freundlich and Redlich-Peterson model aswell.
Abd El-Latif et al reported that methylene blue ad-
sorption fitted better in Freundlichisotherm for hydro-
lyzed oak sawdust!®2.
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CONCLUSION

Irvingia Gabonensisanatura waste material was
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used inthe production of activated carbonwhich was
foundto bevery effectivein theremediation of effluent
dyeinfested water, recording maximum percentage ad-
sorption of 85% with 0.5mmmesh sized adsorbent in
16mg/| dye solution. We may concludethat the seed
shdll hasthereforeadded tothegrowinglist of agricul-
tural waste materia sthat could be used as adsorbents
intreating wastewaters.
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